Abstract-One of the important parameter for insulating fluid is the dielectric properties. With the introduction of vegetable oil as possible alternative fluid for transformers application, it is essential to ensure this type of oil could meet the dielectric properties requirement. In this paper, a study is carried out to investigate the dielectric properties of Palm Oil (PO) and Coconut Oil (CO). The type of PO used in this study is Refined, Bleached and Deodorized Palm Oil (RBDPO) Olein. Several parameters such as AC breakdown voltage, dielectric dissipation factor, relative permittivity and resistivity are examined for both as-received and dried samples. It was found that there are differences on the dielectric dissipation factor and resistivity between RBDPO and CO and the dielectric properties performances of all samples are improved after subjected to the drying procedure.
I. INTRODUCTION
Oil is one of the essential components of transformers insulation. It serves not only as electrical insulation but also as a cooling medium and information carrier [1] . Conventionally, mineral oil was used as dielectric insulating fluid owing to its excellent dielectric performance in-service [2] . However, due to the increasing tight regulations on the environment and safety, alternative fluids such as vegetable oil are currently considered for transformers application.
Vegetable oil offers a suitable alternative for mineral oil [3] . It is biodegradable, non-toxic and has high fire/flash points which ensure more safety in-service [4] . Natural ester is the most common fluid proposed for transformer application. A significant number of researches were carried out previously which covers various aspects including the physical, chemical and electrical properties of this oil [5] .
Other type of biodegradable oil proposed for application in transformers is Palm Oil (PO). PO has almost a balance composition of saturated and unsaturated fats. Different types of PO can be extracted from the palm nut such as Crude Palm Oil (CPO), Refined, Bleached and Deodorized Palm Oil (RBDPO) and Palm Kernel Oil (PKO) [6] . Among the most common PO under study is RBDPO. Apart from PO, Coconut Oil (CO) is other type of biodegradable oil considered as dielectric insulating fluid in transformers. CO is a colorless to pale brownish-yellow liquid. Under temperate climate, the oil is greasy, somewhat crystalline and white to yellowish solid fat and mainly consists of saturated fats [7] .
A few examination on different aspects and types of PO and CO were previously carried out which includes the studies on the physical, chemical and electrical properties [8] [9] [10] [11] [12] [13] [14] [15] [16] . The studies show that PO and CO could sufficiently comply with the standards and its performance is comparable to other types of vegetable oils [8] [9] [10] [11] [12] [13] [14] [15] [16] .
In this paper, an examination on the dielectric properties of RBDPO and CO is carried out. As-received and dried samples are tested for AC breakdown voltage, dielectric dissipation factor, relative permittivity and resistivity. Analysis is carried out based on the experimental test results.
II. EXPERIMENTAL SET-UP

A. Test Samples
Five samples of PO and one sample of CO were investigated. The PO and CO samples were obtained from readily available cooking oil products in the market. All palm oils are RBDPO Olein type. The properties of these oils can be seen in TABLE 1. RBDPOE exhibit the highest content of vitamin E followed by RBDPOD, RBDPOC, RBDPOB, RBDPOA and CO. Only RBDPOA has the vitamin A. CO has the highest content of saturated fat followed by RBDPOA, RBDPOB, RBDPOC, RBDPOD and RBDPOE. In this study, 2 conditions of samples were investigated. The first condition is "as-received" where the samples were tested directly without any processing. The second condition is "dried" where the samples were dried in an air circulating oven at 85 °C for 48 hours. The samples were rested further at ambient temperature for another 24 hours before tested.
The moisture contents of "as-received" and "dried" samples were measured according to ASTM D6304 using Metrohm 831 Oil Titrino Plus [17] . It can be seen in Fig. 1 where the drying procedure helps to reduce the moisture content in all samples. The range of moisture content for "as-received" samples is between 570 -1200 ppm while for "dried" samples is between 115 -130 ppm. Viscosity was measured according to ASTM D445 by SVM 3000 Stabinger viscometer [18] . All samples were tested at 40 °C where the volume of oil tested is 10 ml. The viscosity of RBDPO samples is almost the same with a value around 40 cSt while CO has much lower viscosity with a value of 27 cSt. It can be seen clearly that the viscosity of sample is not significantly affected by drying procedure. 
B. AC Breakdown Voltage
The AC breakdown voltage measurement was carried out according to ASTM D1816 by an automatic oil breakdown test set BAUR DPA 75C at ambient temperature [19] . The test was carried out using VDE electrode with a diameter of 36 mm facing each other at a gap distance of 1 mm. The voltage ramping rate was set to 0.5 kV/s. The volume of the oil in the test cell is around 400 ml. The time interval for between each breakdown was set to 5 minutes. In total, 50 AC breakdown voltages were obtained for analysis.
C. Dielectric Dissipation Factor, Relative Permittivity and Resistivity
The dielectric dissipation factor, relative permittivity and resistivity were measured according to IEC60247 by BAUR DTL C oil tester [20] . All samples were tested at 100 °C. The volume of the oil in the test container is around 70 ml and the frequency was set to 55 Hz.
III. RESULT AND ANALYSIS OF DATA
A. AC Breakdown Voltage of "as-received" and "dried" Samples
The distribution of AC breakdown voltages for "asreceived" and "dried" samples can be seen in Fig. 3 . For all samples, the AC breakdown voltage for "dried" samples is much higher than "as-received". The average AC breakdown voltages of "as-received" and "dried" samples can be seen in Fig. 4 . The highest AC breakdown voltage for "as-received" samples is RBDPOD followed by RBDPOB, RBDPOC, RBDPOA, CO and RBDPOE with a value of 18.1 kV, 17.7 kV, 16.3 kV, 14.3 kV, 13.8 kV and 13.3 kV respectively. Meanwhile, for "dried" samples, the highest AC breakdown voltage is CO followed by RBDPOB, RBDPOC, RBDPOE, RBDPOD and RBDPOA with a value of 38.1 kV, 37.6 kV, 37.4 kV, 36.8 kV, 36.0 kV and 35.7 kV respectively. The increment percentages of AC breakdown voltage for "dried" samples after drying procedure are between 110.5% and 168.4%. It is known that the AC breakdown voltage of dielectric insulating fluid could be affected by the moisture. Through drying procedure, the moisture contents reduce thus resulting in much higher AC breakdown voltage. There is also an effect of drying on the coefficient of variation as shown in Table II . Apart from the RBDPOE, all samples show a reduction of coefficient of variation after subjected to drying process. 
B. Dielectric Properties of "as-received" and "dried" Samples a) Dielectric dissipation factor
The dielectric dissipation factor of "as-received" and "dried" samples can be seen in Fig. 5 . For "as-received" samples, the highest dielectric dissipation factor is CO followed by RBDPOB, RBDPOC, RBDPOE, RBDPOA and RBDPOD with a value of 1.35, 0.15, 0.06, 0.04, 0.04 and 0.03 respectively. After subjected to drying procedure, all samples experienced reduction in dielectric dissipation factor. CO is still having the highest dielectric dissipation factor with a value of 1.30 followed by RBDPOE, RBDPOB, RBDPOA, RBDPOC and RBDPOD with values of 0.04, 0.03, 0.03, 0.02, 0.02 respectively. The reduction percentages of dielectric dissipation factor for "dried" samples after drying procedure are between 3.7% and 73.3%. It is also observed that there is a significant difference on the dielectric dissipation factor between RBDPO samples and CO. There is no significant effect of drying procedure on the relative permittivity of the samples as shown in Fig. 6 . It is observed that the relative permittivity for RBDPO and CO is within the range of 2.78 and 2.83. 7 shows the resistivity of "as-received" and "dried" samples. It is observed that after subjected to drying procedure, the resistivity of all samples increase. It was found that the CO has a very low resistivity compared to RBDPO samples. The highest resistivity for "as-received" samples is RBDPOD followed by RBDPOA, RBDPOE, RBDPOC, RBDPOB and CO. While for "dried" samples, RBDPOD is still showing the highest value followed by RBDPOC, RBDPOA, RBDPOB, RBDPOE and CO. The increment percentages of resistivity for all samples after drying procedure are between 5.9% and 206.6%. Fig. 7 . Resistivity of "as-received" and "dried" samples.
IV. CONCLUSION
There is a difference in terms of performance between RBDPO and CO especially on the viscosity, dielectric dissipation factor and resistivity. The possible reason is due to the difference on the composition of fats since CO has a higher percentage of saturated fats compared to RBDPO. However, further study is required in order to verify this finding. Drying procedure has an effect on improving the quality of the oil. Through this procedure, the moisture is reduced which resulting on the increment of the AC breakdown voltage and resistivity while the dielectric dissipation is reduced. On the other hand, the viscosity and relative permittivity remain almost unchanged.
